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The art and science of total knee replacement (TKR) has continued to evolve in the past three decades, with significant advances in instrumentation and implants. TKR systems have been developed to address the varying degrees of deformity with which patients present and surgeons have adopted the concept of a continuum of constraint. 1, 2 Conventional cruciate retaining (CR) femoral components can be mixed with standard cruciate-retaining polyethylene bearings, anterior-posterior (AP) lipped bearings, and AP stabilised bearings. Posterior stabilised femoral components can similarly be mixed with standard posterior stabilised (PS) polyethylene bearings or PS bearings with mild varus or valgus constraint. Constrained femoral components can be mated with PS bearings or highly constrained varus-valgus PS bearings. The purpose of this study is to address two questions:
1. When used with a conventional cruciate retaining femoral component, does the design of the bearing have an influence on the post-operative range of movement (ROM)? 2. Does the bearing design affect the rates of post-operative manipulation under anaesthetic (MUA)?
Methods
A search of our prospectively collected database was performed to identify all primary TKRs carried out by one of two surgeons (KRB, AVL) between March 2006 and March 2009. We identified 2449 cruciate retaining TKRs (CR-TKR performed in 1940 patients (Table I) . The same CR femoral component, tibial base plate and instrumentation were employed in all cases. In 1334 TKRs a standard CR insert with 3° posterior slope and no posterior lip was used (CR-S). In 803 TKRs an insert with no slope and a small posterior lip was used (CR-L) and in 312 TKRs the posterior cruciate ligament (PCL) was resected or deficient and a deeply dished, anterior stabilised insert was used (CR-AS).
The surgical technique was similar in all cases where the goal was to restore the mechanical axis with a balanced flexion-extension gap. A posterior referencing measured resection technique removed the amount of bone being replaced by the posterior part of the femoral component. On the tibial side, adequate bone was removed to accommodate a minimum 10 mm composite thickness of metal and polyethylene. The ligaments were then addressed to obtain balance and symmetry.
The selection of the CR bearing type was based upon an algorithm. When the flexion and extension gaps were found to be symmetrical with a well-balanced lateral collateral ligament (LCL), medial collateral ligament (MCL), and posterior cruciate ligament (PCL), a CR-S bearing was selected. When all three ligaments were balanced but the flexion gap was slightly greater than the extension gap, a CR-L bearing was used. This bearing is equal to the CR-S bearing in extension but 2 mm thicker in flexion, secondary to the lack of posterior slope and the small lip. When the MCL and LCL are balanced and the flexion-extension gaps symmetrical but the PCL is deficient, a CR-AS bearing was used. Lastly, in patients where the PCL could not be balanced or remained overly tight following balancing, the PCL was completely transected from its femoral origin and a CR-AS bearing used.
Patients were seen in follow-up at six weeks post-operatively and annually thereafter. The final ROM was measured with the patient lying supine on the examination table and the maximum passive ROM recorded. The need for a MUA was determined by lack of progression with physical therapy, a ROM of < 100°, and patient dissatisfaction with their ROM. Comparison of means was performed using Student's t-test and ANOVA. Significance was defined as p < 0.05. Risk of manipulation was compared for significance using Pearson's Chi-Squared.
Results
The demographics and pre-operative diagnoses were similar between the CR bearing groups (Table I) and ROM improved in all groups (Table II) . The pre-operative ROM was lowest in the knees in which a CR-AS bearing was used. (p < 0.05). The mean improvement in ROM was highest for knees with the CR-AS inserts (p = 0.005). There was a significantly higher manipulation rate with the CR-S and CR-L inserts compared with the CR-AS (Pearson rank 6.51; p = 0.04), (see Table II ). No knees were revised for instability during the mean short follow-up period of 28 months (1 to 91).
Discussion
We have found that good results can be obtained using conventional CR or CS designs but that an intact and functional PCL is not a pre-requisite to good results. A CR-AS design can provide improvement in ROM more than other designs and is associated with less stiffness requiring MUA. We recorded no failures for instability in a group of 312 knees where the PCL was deficient or resected and a CR-AS device was used, suggesting that a cam and post mechanism is not mandatory for a PCL deficient TKR. CR-AS bearings were required less frequently, when the flexion and extension gaps are balanced but the PCL is deficient, and the surgeon does not want to change to a PS design, which conducted a study comparing ROM in three CR-TKR designs, a standard CR (New CR-S); and the others were precursor designs with identical articular geometry but different patello-femoral designs (Old CR-S and Old CR-L). The pre-operative ROM was lowest in the New CR-S group and highest in the Old CR-L group. However, patients showed greater improvement with the New CR-S bearing at both six weeks and one year. These findings are investigated further by looking at the CR-S TKR compared with CR-L and CR-AS TKRs. The greatest improvement in ROM was with the CR-AS device, despite the use of this bearing in knees with more reduction of preoperative ROM when compared with the others.
The CR-AS bearing is significantly more congruent in the AP plane, but with identical medial-lateral geometry. The earliest study describing this type of congruent bearing for a CR-TKR was by Scott and Thornhill in 1994. 4 They reported on 100 primary CR-TKRs performed with the PFC implant (DePuy, Warsaw, Indiana), comparing 50 with flat posterior lipped tibial inserts with 50 with curved inserts. They observed no differences in ROM or incidence of tibial radiolucencies between the groups, and noted that the conforming bearings provide an attractive merger of the designs for cruciate preservation and cruciate substitution.
Hofmann et al 5 conducted a study of two matched groups of 100 TKRs with the Natural Knee (Zimmer, Warsaw, Indiana). They compared very congruent inserts with standard PCL-sparing (CR) inserts. At a mean follow-up of five years, Hospital for Special Surgery Scores and ROM were similar between groups. However, five TKRs with PCL-sparing inserts had been revised for AP instability and PCL insufficiency, compared with none in the very congruent group. Similarly in the series, the authors did not note any AP instability in knees with more congruent inserts despite complete release of the PCL if it was intact.
In a study of 219 TKRs performed over a 3.5-year interval, Parsley et al 6 compared 121 PS-TKRs with 88 highly congruent CR-TKRs. They observed similar results in terms of ROM improvement, Knee Society scores, function, satisfaction, and activity metrics, noting only a greater incidence of swelling more than once a week in PS (33%) versus highly congruent CR-TKARs (5%; p = 0.01). They concluded that there was no clear evidence proving the superiority and need for posterior stabilisation in PCL-sacrificing TKR. Wajsfisz et al 7 measured intra-operative flexion with navigation and compared highly congruent (CR-AS), PS, and high-flexion PS designs. They observed better intra-operative flexion with the PS designs over the highly congruent, but no superiority of the high-flexion over the standard LPS. Their results are in antithesis to those of Parsley et al, 6 who observed no differences in post-operative ROM between PS and highly congruent designs. The authors did not evaluate or compare PS TKR in this study as use of PS TKR was extremely low.
In 2001 Wada et al 9 conducted an in vivo kinematic analysis of femoro-tibial contact point in the sagittal plane (45 patients, 55 TKRs). There were 11 with morphologically flat bearing surfaces, 16 were shallow dished, ten posterior lipped, ten PS inserts, and eight controls. They observed the largest amount of AP translation with the flat inserts, and concluded it may be safer to use more AP constrained bearings in TKR, particularly if the PCL is lax. This flexion laxity may play an important role in explaining the findings of the current study, where the less constrained devices had least improvement in ROM and a higher requirement for manipulation.
In a similar, more recent in vivo kinematic analysis, Daniilidis et al 10 compared AP translation, during loaded and unloaded extension. They observed that the highly congruent (CR-AS) insert decreased AP translation, but non-physiological rollback occurred. They concluded that no insert type could restore the physiological kinematics of the normal knee.
The current study has several shortcomings. Firstly, selection of bearing insert type was based on an algorithm that may include surgeon bias. Despite this, the authors suggest similar indications for the use of the various bearings were used consistently. Secondly, patient reported outcomes were not measured. However, Chaidez-Rosales et al 8 reported a 92% satisfaction rate with highly congruent TKRs. Thirdly, measurements of ROM were conducted in the office by different examiners and may have a range of error that exceeds the differences observed, despite statistically significant differences. Fourthly, the statistically significant differences noted may not represent clinical significance for patients. Lastly, the need or indications for MUA, while somewhat standardised based upon patient satisfaction, may have been different between surgeons.
Despite sacrificing or not substituting the posterior cruciate ligament, movement improvement was greatest, and manipulation rate lowest in knees with a deep-dish, anteriorstabilised insert. Substitution for the posterior cruciate ligament with a PS design may not be necessary even when the posterior cruciate ligament is deficient.
